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eRD25 proposal in a nutshell

Develop a well-integrated and large-acceptance EIC vertex and 
tracking detector concept, based on Monolithic Active Pixel 

Sensor (MAPS) in a commercial 65 nm CMOS imaging technology

• The motivation for a high-resolution, low-mass charged-particle tracker 
remains as ever; EIC science requires it

• The work addresses the aspects of 

• 65 nm CMOS imaging technology investigation & development

• Detector geometry optimisation, including realistic services layout

• The aims are to
• Gain expertise on the 65 nm process

• Arrive at a completely developed and tested detector concept

• Identify areas needing targeted services R&D
• Grow eRD25 into a consortium able to deliver the proposed detector to 

the EIC

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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Vertex and tracking at EIC

• All the proposed EIC detector concepts are equipped with a central 
Silicon Vertex and Tracking (SVT) detector
• Vertex and tracking layers in the barrel, and disks in the 

forward/backward regions

• A well integrated, large acceptance vertex and tracking detector 
designed with high granularity and low material budget is needed to 
enable high precision measurements that are key to the EIC science 
programme 

• The vertexing and tracking systems under consideration are based 
on two concepts investigated in our work 
• A hybrid configuration with a gas TPC at larger radii
• A compact all-silicon configuration

• Both simulated extensively in our previous work as eRD16 and eRD18, 
and continued as eRD25, leading to definition of the two Yellow Report 
baseline configurations

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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Tracking requirements from physics

• Spatial resolution: ~5 μm (20 μm pixel pitch)

• ~3 μm in the vertex layers (10 μm pixel pitch)

• Material budget: <0.3% X/X0 per layer
• < 0.1% X/X0 per vertex layer

• Integration time ~2 μs

• Low power consumption ~ 20mW/cm2

• Mandatory for low material budget (e.g. air cooling)

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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struction schedule, a list of areas in need of targeted R&D has been compiled and
is presented in Chapter 14.

11.2.2 Main requirements and acceptance coverage

Table 11.2: Requirements for the tracking system from the physics groups.

The requirements for the tracking in an EIC detector are derived from the physics
simulations and are represented by the detector requirements table shown in Ta-
ble 11.2. The ranges in pseudorapidity are accompanied with requirements for rel-
ative momentum resolution, allowed material budget in terms of radiation length,
minimum pT cutoff, transverse and longitudinal pointing resolutions. These re-
quirements form the basis of the designs and concepts that are presented.

11.2.3 Silicon Detector Technologies for EIC

To satisfy the requirements detailed above, the EIC silicon vertex and tracking
(SVT) detector needs to have high granularity and very low material budget. Per-
formance simulations of the detector concepts presented in Section 11.2.5 highlight
the need for a spatial resolution  5µm in tracking layers and disks, and around 3
µm in the vertex layers, combined with a material budget  0.1%X0 in the vertex
layers,  0.8%X0 in the tracking layers and  0.3%X0 in the disks.

A broad survey of silicon detector technologies was presented and discussed at
the first EIC Yellow Report Workshop in March 2020 [1425] covering hybrid pixel
detectors, strip detectors, Low Gain Avalanche Detectors (LGAD), the DEPFET
sensor, and Monolithic Active Pixel Sensors (MAPS). The survey considered exist-
ing examples of these detectors as well as the silicon technologies used for their
development to understand their potential for application at the EIC. MAPS have
been identified as the best detector technology to satisfy the requirements of the
EIC SVT and are discussed below. These detectors provide the highest granularity,

Requirements driven technology choice:
Monolithic Active Pixel Sensors (MAPS)

See L. Gonella, https://indico.bnl.gov/event/7449/contributions/35954/
1st EIC Yellow Report Workshop at Temple University (2020) 

From YR 11.2.2 at 
arXiv:2103.05419

https://indico.bnl.gov/event/7449/contributions/35954/
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MAPS detectors

Experiment ready MAPS (i.e. production version exists)

Depleted MAPS (i.e. HV/HR-CMOS) prototypes

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

STAR Heavy Flavour Tracker (HFT) at RHIC 

 

 

TIPP 2014 - P. Riedler, 3.6.2014 19 

 
•  Detector installed end 2013, started data taking in Au-Au run 2014 
•  Spare detector will be ready in about one month – will be used in the next run (1 day 

installation time) 
•  First operation experience shows resolution performance as expected  

L. Greiner, FEE 2014 
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MIMOSA28	(ULTIMATE)	in	STAR	PXL	
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Ladder	with	10	MAPS	sensors	

2-layer kapton flex cable with Al traces 

courtesy	of	STAR	Collaboration	
	

MIMOSA28	(ULTIMATE)	–	2011		

First	MAPS	system	in	HEP		

Twin	well	0.35	μm	CMOS	(AMS)		

§  18.4	µm	pitch	

§  576x1152	pixels,	20.2	x	22.7	mm2	

§  Integration	time	190	μs	

§  No	reverse	bias	->	NIEL	~	1012	n
eq
/cm2	

§  Rolling	shutter	readout	

356	M	pixels	on	~0.16	m2	of	silicon	

	

Full	detector	Jan	2014	

Physics	Runs	in	2015-2016	

§  2	layers	(2.8	and	8	cm	radii)	

§  10	sectors	total	(in	2	halves)	

§  4	ladders/sector		

§  Radiation	length	(1st	layer)	

§  x/X0	=	0.39%	(Al	conductor	flex)	
	MIMOSA 28 @ STAR HFT
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The	ALPIDE	CMOS	sensor	chip	

	walter.snoeys@cern.ch	

Pr
io
ri
ty
	

en
co
de

r	

Pixel	layout	

Digital	Pixel	
Section	

Fr
on

t	
En

d	

Collection	
Diode	

30	mm	

15
	m

m
	

Matrix	layout	

4	
pi
xe
ls
	

4	pixels	

Artistic	view	of	the	
ALPIDE	cross	section		Collection	electrode	

•  TJ	CMOS	180	nm	INMAPS	imaging	process	(TJ)	>	1kΩ	cm	p-type	epitaxial	layer	

•  Small	2	µm	n-well	diode	and	reverse	bias	for	low	capacitance	C(sensor+circuit)	<	5	fF	

•  40	nW	continuously	active	front	end	D.	Kim	et	al.	DOI	10.1088/1748-0221/11/02/C02042	

•  Qin/C	~	50	mV,	analog	power	~	(Q/C)-2	NIM	A	731	(2013)	125	

•  	Zero-suppressed	readout,	no	hits	no	digital	power	G.	Aglieri	et	al.	NIM	A	845	(2017)	583-587	

	

29.24	μm	

26.88	μm
	

ALPIDE @ ALICE ITS

ATLAS ʹ ATLASPix3

31

ATLASPix3 - General design features
� Engineering run in the 180 nm HV-CMOS process 

from TSI
� Total chip area is 2 cm x 2 cm
� Fabricated in 2019

ATLASPix3 ʹ Chip details
� Matrix with 132 columns x 372 rows
� 150 ʅm x 50 ʅm pixel size
� In-pixel comparator
� Column drain readout with and without trigger
� Trigger latency < 25 µs
� Radiation hard design with SEU tolerant global 

memory
� Serial powering (only one power supply needed)
� Data interface is very similar to RD53 readout chip 

(ATLAS)

E. Vilella (Uni. Liverpool) ʹ DMAPS seminar

R. Schimassek, Mu3e collaboration 
meeting, 2019

� Power consumption is ~200 mW/cm2 (with 25 ns time resolution)
� Very initial measured results available
� Expected radiation tolerance is 100 Mrad and 1 x 1015 1 MeV neq/cm2

11 December 2019 ʹ Birmingham

ATLASPix3 
180 nm TSI
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LF-MONOPIX 
150 nm LFoundry

MALTA and TJ-MONOPIX 
180 nm TJ

area of 20.48 ⇥ 20.00 mm
2. The size of the die is 20.66 ⇥ 23.14 mm

2, see figure 2. This includes the
chip guard ring which is surrounded by an 11 µm seal ring to minimize dead space between chips on
a ladder.

Fig. 2. The MuPix10 layout: Active matrix at the top and periphery at the bottom. The color change in the
active matrix is a feature of the routing scheme, see section 4.5

Fig. 3. A functional description of the MuPix architecture. From the in-pixel electronics with injection
capability to the discriminator and readout infrastructure in the periphery. [1]

The architecture of MuPix10 follows the standard MuPix approach depicted in figure 3. The deep
n-well contains a folded cascode amplifier with a PMOS input transistor and a source follower as line
driver, implemented as floating logic. An additional supply voltage of nominally 1.2 V is required
by the amplifier, which is not provided by the HDI. Therefore a voltage regulator is implemented
to generate this additional voltage level from the 1.8 V supply, see section 4.2. The pixel line driver
transmits the amplified signal via a point-to-point connection to the periphery to its digital partner-
cell. This signal is AC-coupled to two parallel comparators which allow to apply di�erent threshold
schemes for hit detection and time sampling. Two timestamps are stored for each hit. The rising edge
is sampled with 11 bit in 8 ns bins (TS1). A second, 5 bit, timestamp (TS2) is stored on the crossing

3

MuPix10 
(soon @ Mu3e)

and more… 

Conclusion:
None of the existing MAPS sensors meets all the requirements at once.

A dedicated EIC MAPS sensor is the desired solution.
See L. Gonella, https://indico.bnl.gov/event/7449/contributions/35954/
1st EIC Yellow Report Workshop at Temple University (2020) 
See YR 11.2.3 at arXiv:2103.05419

https://indico.bnl.gov/event/7449/contributions/35954/
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New generation MAPS in 65 nm CMOS imaging technology

• A large effort is emerging to develop new generation MAPS in a commercial 
65 nm CMOS imaging technology

• Large interest in the HEP community to develop this process for future 
experiments: CERN EP R&D programme and ALICE ITS3 project

• Improved performance in terms of granularity and power consumption that 
are key for precision measurements at the EIC 

• Demonstrated in simulation

• Process availability on the EIC project timescale

• Possibility to leverage on the ALICE ITS3 project
• The ITS3 sensor specifications and development timescale are largely 

compatible with those of the EIC

• Well funded, large effort at CERN, open to non-ALICE members to contribute to 
the R&D to develop and use the technology for other applications

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

Strategy:
Join the ALICE ITS3 collaboration to develop an EIC MAPS

sensors in 65 nm CMOS imaging technology

See L. Greiner, https://indico.jlab.org/event/348/sessions/1224/attachments/4665/5789/open-mic.pdf
EIC Yellow Report Kick-Off meeting (2019)

https://indico.jlab.org/event/348/sessions/1224/attachments/4665/5789/open-mic.pdf
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ALICE ITS3 sensor

• The ALICE ITS3 project aims at developing a new generation MAPS sensor at 
the 65 nm node with extremely low mass for the LHC Run4 (HL-LHC)

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

ITS3 sensor  

• Specifications meet or even exceed 
the EIC requirements

• Higher granularity (10 μm pixel 
pitch) and lower power 
consumption (<20mW/cm2) with 
respect to pre-CD0 simulation 
baseline (that was ITS2/ALPIDE 
derived)

• Also, integration time, fake hit rate 
and time resolution better than 
required at the EIC

• ITS3 fallback solution: new MAPS 
sensor in 180 nm CMOS imaging 
technology

• Decision expected this year
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ALICE ITS3 detector concept

• In addition to the sensor, the ITS3 detector concept is very attractive for the 
vertex layers of an EIC SVT detector

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

3 Detector Layout, Implementation and Main Parameters

3.1 Mechanical Structure

The ITS3 will consist of two separate barrels, referred to as Inner Barrel and Outer Barrel. The
Outer Barrel, containing the four outermost layers (Layer 3 to Layer 6), will be that of ITS2.
A completely new Inner Barrel, consisting of the three innermost layers (Layer 0 to Layer 2),
will instead replace the current Inner Barrel of ITS2. The ITS3 IB will consist of two halves,
named half-barrels, to allow the detector to be mounted around the beampipe. Each half-barrel
will consist of three half-layers. The half-layers are arranged inside the half-barrel as shown in
Fig. 7. They have a truly (half-) cylindrical shape, with each half-layer consisting of a single
large pixel chip, which is curved to a cylindrical shape.

Figure 7: Layout of the ITS3 Inner Barrel. The figure shows the two half-barrels mounted
around the beampipe.

As shown in Fig. 8, the main structural components of the new Inner Barrel are the End-Wheels
and the outer Cylindrical Structural Shell (CYSS), both made of Carbon Fibre Reinforced Plas-
tic (CFRP) materials, and a series of ultra-lightweight half-wheel spacers, made of open cell
carbon foam, which are inserted between layers to define their relative radial position.

The End-Wheels are connected to the CYSS, which provides the external supports for the three
detection layers. Starting from the outermost layer (Layer 2), the half-layers are connected to
the outer CYSS and to each other by means of the half-wheel spacers.

The half-layer consists of a single large chip. Its periphery and interface pads are all located on
one edge, the one facing the A-side End-Wheel (see Fig. 8). At this edge, the chip is glued over
a length of about 5 mm to a flexible printed circuit to which it is electrically interconnected using
for instance aluminum wedge wire bonding. The flexible printed circuit is based on polyimide,
as dielectric, and aluminum, as conductor. The flexible printed circuit extends longitudinally

10

ALICE-PUBLIC-2018-013 
https://cds.cern.ch/record/2644611

ITS3 detector concept 

• Three layers vertex detector, 0.12 m2

• Truly cylindrical layers

• Design and post-processing techniques to 
reach an extremely low material budget of 
0.05% X/X0 per layer

• Low power, wafer-scale sensor, thinned to 
20-40 µm, bent around the beam pipe = 
air-cooling, support and services outside 
active area

https://cds.cern.ch/record/2644611
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Path to an EIC detector based on 65 nm MAPS

• Despite the large overlap, the EIC and ITS3 detector have some significant 
differences, most notably the size

• The ITS3 is a 0.12 m2, three layers, vertex detector

• The proposed EIC concepts have vertex and tracking layers, disks in 
forward/backward direction, covering an area >10 m2

• Projected cost and yield of stitched wafer-scale sensors not compatible with 
use in the EIC detector outside the vertex layers

• Tracking layers and disks will need a more conventional support structures 
(staves, disks) and sensor size

• The design of a wafer-scale sensor is different from the design of a reticle-size 
sensor, for the same specifications à EIC sensor development needs to fork-off

The path to an EIC detector based on 65 nm MAPS thus requires to develop

1. ITS3-like vertexing layers

2. EIC variant for the staves and disks

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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eRD25 aims presented in July 2020

• Joining the emerging ALICE ITS3 R&D program on 65 nm technology to gain 
the required expertise to design a (ITS3-derived) MAPS sensor for the EIC

• Technology evaluation program planned over two MLR submissions

• Develop and investigate the performance of well-integrated and large-
acceptance tracking concepts with vertex barrel layers and 
forward/backward disks

• Both hybrid and all-Si concepts to be evaluated with physics 
performance simulations

• Identifying areas requiring targeted services R&D
• Plan required engineering solutions to match material budget 

requirements

• Start forming a consortium (beyond eRD25) able to deliver the proposed 
detector to the EIC

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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EIC Yellow Report - Tracking and Vertexing Concepts

• The recently released EIC Yellow Report presents two baseline central 
tracking and vertexing concepts

• A ”hybrid” concept consisting of inner silicon barrels and disks 
surrounded by a time-projection-chamber

• An “all-silicon” concept consisting of silicon barrels and discks only, 
with a comparatively smaller radius

• Håkan Wennlöf (Birmingham U.) and Rey Cruz-Torres (LBNL) performed 
most of the GEANT-based simulations for both concepts

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

456 11.2. TRACKING
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Figure 11.17: All-silicon tracker geometry. Left: Geant-4 model showing half of the detector.
The barrel, disks, and support structure correspond to the green, dark-gray, and yellow
components, respectively. The beryllium section of the beam pipe is shown in cyan. The
rest of the beam pipe, which takes into account the expected electron-hadron-beam crossing
angle is shown in light-gray. Right: Detector material scan. The dashed line describes the
baseline material budget from the beam pipe. The red, blue, and green curves correspond to
the barrel, forward, and backward components of the detector, respectively. The uncertainty
band defines the minimum and maximum amounts of material found in a given h as the
material is scanned around f. The yellow curve describes an aluminum structure that is
used as a mass equivalent for support structure and services. See text for details.

Table 11.6: Main barrel-layer charac-
teristics.

Barrel radius length along z
layer [cm] [cm]

1 3.30 30
2 5.70 30
3 21.00 54
4 22.68 60
5 39.30 105
6 43.23 114

Table 11.7: Main disk characteristics.

Disk z position outer inner
number [cm] radius [cm] radius [cm]

-5 -121 43.23 4.41
-4 -97 43.23 3.70
-3 -73 43.23 3.18
-2 -49 36.26 3.18
-1 -25 18.50 3.18
1 25 18.50 3.18
2 49 36.26 3.18
3 73 43.23 3.50
4 97 43.23 4.70
5 121 43.23 5.91
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Figure 11.28: New hybrid baseline layout. The silicon layers and disks are shown in green,
and the TPC in light blue.

Layer Length Radial position
Layer 1 420 mm 36.4 mm
Layer 2 420 mm 44.5 mm
Layer 3 420 mm 52.6 mm
Layer 4 840 mm 133.8 mm
Layer 5 840 mm 180.0 mm
TPC start 2110 mm 200.0 mm
TPC end 2110 mm 780.0 mm

(a) Barrel region

Disk z position Inner radius Outer radius
Disk 1 220 mm 36.4 mm 71.3 mm
Disk 2 430 mm 36.4 mm 139.4 mm
Disk 3 586 mm 36.4 mm 190.0 mm
Disk 4 742 mm 49.9 mm 190.0 mm
Disk 5 898 mm 66.7 mm 190.0 mm
Disk 6 1054 mm 83.5 mm 190.0 mm
Disk 7 1210 mm 99.3 mm 190.0 mm

(b) Disk region

Table 11.12: Positions and lengths of detector parts in the barrel region and the disk re-
gion. In the disk region, the seven disks in the forward region are shown, but this layout is
symmetric so it is the same with reversed sign on the z position in the backward region.

The formulae for resolution parametrisation are given in Equation 11.3, where A
and B indicate constants.

sp

p
= A · p � B =

q
(A · p)2 + B2,

sxy

pT
=

A
pT

� B =

s✓
A
pT

◆2
+ B2 (11.3)

This parametrisation works well for the pointing resolution, but it has limitations
for the relative transverse momentum resolution when using a gas TPC. In this
case, as can be seen from Figure 11.29, the parametrisation works well for pT be-
tween 0 and 4 GeV/c , but the resolution value goes into a less steep linear in-
crease after this point. The figure shows the relative transverse momentum res-
olution versus transverse momentum for both a 1.5 T field and a 3.0 T field, and
the dashed line shown is the parametrisation provided by the Physics Working
Group. Fits to these data will be split up in momentum intervals to characterise

See YR arXiv:2103.05419
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EIC Yellow Report - Tracking and Vertexing Concepts

• Both concepts
• Have characteristics that can be tracked back to the EIC model detector 

concept “BeAST” (c.f. A. Kiselev et al. at DIS 2016) including for 
example their envelope, -1.25 < z < 1.25 m, along the beamline

• Use insights from prior eRD16 and eRD18 simulations and R&D, 
including 2 – 3 innermost vertexing barrel layers and 5 – 7 equidistant 
disks in the electron and hadron endcaps

• The machine design has evolved since DIS 2016: the 3.2 cm radius of the 
innermost beam-pipe section is an important consideration for vertexing

• The EIC Yellow Report has brought physics requirements/needs in much 
better focus

• Both concepts tested against YR PWG requirement matrix 

• As a result, the case for an ITS3-derived EIC SVT has become even stronger

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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Simulation driven technology choice

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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[ Green Blue Red (ITS3-
derived EIC 
SVT)

Beam pipe radius [mm] 18 31 31

x/X0 vertex 0.3% 0.3% 0.05%

x/X0 tracking layers 0.8% 0.8% 0.8%

Pixel pitch [um] 20 20 10

Pions, momentum range up to 5 GeV/c
-0.5 < η < 0.5 
Uniform 1.5T magnetic field

--- YR PWG requirement

• Pre-CD0 simulations by eRD16 and eRD18 based on BeAST assumed
• A beam pipe radius of 18 mm

• An ITS2-derived detector concept with 0.3/0.8% X/X0 in vertex/tracking layers 
and a 20 um pixel pitch

• Note that a pixel pitch of 20 um is NOT the ALPIDE, ALPIDE has ~28um pitch.

• With the post-CD0 beam pipe radius of 31 mm, initial simulations 
highlighted the need for ITS3 like spatial resolution and material budget to 
reach required vertex resolution
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Simulation driven technology choice

• Initial simulations have also shown the that the relative momentum 
resolution in the forward region (eta = 3) is also strongly affected by spatial 
resolution

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

Forward region; η = 3
Single electrons fired from centre
Magnetic field: uniform 1.5 T and 3 T
Vertex layers and disks: 0.3% x/X0 
Tracking layers: 0.8% x/X0
All disks hit

See H. Wennlöf at 
https://indico.jlab.org/event/400/contributions/6529/ and 
http://cern.ch/go/xKk6

Disk pixel sizes - results

9

7 disks, 1.5 T

7 disks, 3 T

5 disks, 3 T

� Smaller pixel size improves 
both relative momentum 
resolution and pointing 
resolutions

� 3 T magnetic field improves 
momentum resolution by a 
factor of ~2, as expected 
from theory

� Not much difference 
between 7 or 5 disks
± 5 slightly better momentum 

resolution due to lower 
material

± 7 gives better coverage, 
however

1.5T

Disk pixel sizes - results

9

7 disks, 1.5 T

7 disks, 3 T

5 disks, 3 T

� Smaller pixel size improves 
both relative momentum 
resolution and pointing 
resolutions

� 3 T magnetic field improves 
momentum resolution by a 
factor of ~2, as expected 
from theory

� Not much difference 
between 7 or 5 disks
± 5 slightly better momentum 

resolution due to lower 
material

± 7 gives better coverage, 
however

3T

https://indico.jlab.org/event/400/contributions/6529/
http://cern.ch/go/xKk6
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EIC YR – Hybrid Tracking and Vertexing Concept

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

10µm pixel pitch

x/X0 = 0.05% per vertexing layer (1 – 3)
x/X0 = 0.55% per tracking layer (4 and 5)
x/X0 = 0.24% per disk (1 – 7)

The material budget figures come from the 
estimates presented in July (extrapolation from 
ITS2 using ITS3 sensor specifications)

See Håkan Wennlōf et al., https://indico.bnl.gov/category/276 and Yellow Report Ch 11. 

https://indico.bnl.gov/category/276
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EIC YR – Hybrid Tracking and Vertexing Concept

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

1.5T, 3.0T, PWG requirement

• Reminder: requirements we are testing against

• Transverse pointing resolution
• Satisfies the YR PWG requirements both at 1.5 T and 3 T field

CHAPTER 11. DETECTOR ASPECTS 437

struction schedule, a list of areas in need of targeted R&D has been compiled and
is presented in Chapter 14.

11.2.2 Main requirements and acceptance coverage

Table 11.2: Requirements for the tracking system from the physics groups.

The requirements for the tracking in an EIC detector are derived from the physics
simulations and are represented by the detector requirements table shown in Ta-
ble 11.2. The ranges in pseudorapidity are accompanied with requirements for rel-
ative momentum resolution, allowed material budget in terms of radiation length,
minimum pT cutoff, transverse and longitudinal pointing resolutions. These re-
quirements form the basis of the designs and concepts that are presented.

11.2.3 Silicon Detector Technologies for EIC

To satisfy the requirements detailed above, the EIC silicon vertex and tracking
(SVT) detector needs to have high granularity and very low material budget. Per-
formance simulations of the detector concepts presented in Section 11.2.5 highlight
the need for a spatial resolution  5µm in tracking layers and disks, and around 3
µm in the vertex layers, combined with a material budget  0.1%X0 in the vertex
layers,  0.8%X0 in the tracking layers and  0.3%X0 in the disks.

A broad survey of silicon detector technologies was presented and discussed at
the first EIC Yellow Report Workshop in March 2020 [1425] covering hybrid pixel
detectors, strip detectors, Low Gain Avalanche Detectors (LGAD), the DEPFET
sensor, and Monolithic Active Pixel Sensors (MAPS). The survey considered exist-
ing examples of these detectors as well as the silicon technologies used for their
development to understand their potential for application at the EIC. MAPS have
been identified as the best detector technology to satisfy the requirements of the
EIC SVT and are discussed below. These detectors provide the highest granularity,

From YR 11.2.2 at 
arXiv:2103.05419
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EIC YR – Hybrid Tracking and Vertexing Concept

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

1.5T, 3.0T, PWG requirement• Relative momentum resolution

• Transverse relative momentum resolution

• Physics requirements present a challenge in the forward regions, despite 
the low traversed mass and 10µm pixel pitch
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EIC YR – All-Silicon Tracking and Vertexing Concept

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

Rey Cruz-Torres et al., https://indico.bnl.gov/category/276 and Yellow Report Ch 11. 

10 µm pixel pitch, x/X0 = 0.3% per layer, disk

• Note

• The hybrid concept has 3 vertexing layers, whereas 
the all-silicon concept has 2; vertexing resolution is 
near-identical, however, differences exist in threshold 
and redundancy

• The all-silicon concept has 2 x 5 disks, whereas the 
hybrid has 2 x 7, again spanning the range from prior 
eRD16 and eRD18 work

• The outer radius was originally chosen such that dp/p 
for 20 µm pixel pitch is similar to dp/p of the hybrid 
concept for -1 <  η < ~1

https://indico.bnl.gov/category/276
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EIC YR – All-Silicon Tracking and Vertexing Concept

• Physics requirements present a challenge in the forward regions, despite 
the low traversed mass and 10µm pixel pitch

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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EIC YR – All-Silicon Tracking and Vertexing Concept

• Initial studies were made to address this challenge

• Momentum resolutions can be enhanced by complementing detectors with 
additional tracking stations 

• An additional large-z detection layer would benefit PID with a forward RICH

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

See also arXiv:2102.08337 (Figs 6 and 7)
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EIC YR - Physics studies with both tracking concepts

• GEANT-based and “fast” simulations were both used to study a range of 
physics topics, including e.g. F2-charm, the baryon to meson ratio, and 
others

• EIC Yellow Report

• John Arrington et al, arXiv:2102.08337

• Håkan Wennlöf, Ph.D. thesis (in preparation)

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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EIC YR - Tracking and Vertexing Concepts, summary

• These and many other studies were reported during EIC YR workshops and 
meetings

• 1st – 4th EIC Yellow Report Workshop - https://indico.bnl.gov/category/220/

• Tracking Working Group - https://indico.bnl.gov/category/276/

• Jets and Heavy Quarks Working Group - https://indico.bnl.gov/category/290/

• See also backup slides for minimum pT studies, angular distributions, effect of 
beam crossing angles

• We built on insights from our prior work as eRD16 and eRD18 to arrive at 
the – “hybrid” and “all-silicon” - tracking and vertexing solutions for the EIC 
general purpose detector concept(s)

• Based on the physics needs specified by the EIC User Community in the 
recently completed Yellow Report, we believe that the case for the 
development of a dedicated EIC MAPS leveraging the ongoing ITS3 has only 
become stronger

• Among other factors, the 10 µm pixel pitch demonstrably serves displaced 
vertex resolution and precise momentum measurement of charged particles 
in the electron and hadron endcap regions within the overall constraints of 
the current general purpose detector concepts

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

https://indico.bnl.gov/category/220/
https://indico.bnl.gov/category/276/
https://indico.bnl.gov/category/290/
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Outline

• Introduction to eRD25

• Detector concepts based on 65 nm MAPS

• Status of technical developments

• EIC Silicon Consortium 

• Next steps and outlook on future of the project

• Conclusion

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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Sensor development: MLR1

• We have actively engaged with the sensor design activities of the ITS3 Work 
Package 2 (WP2)

• The first submission in the TowerJazz 65 nm CMOS imaging process (ISC) 
took place in December

• MLR1 (Multi-Layer Reticle) submission

• Technology exploration and prototype IP blocks for future sensors

• The MLR1 comprises 

• Transistor Test Structures (CERN)
• Analogue and digital Pixel Test Structures (IPHC, DESY, CERN)

• Bandgap/VCO (NIKHEF)

• High Speed Structures (RAL)
• Ring Oscillator (CPPM)

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

3	

§  IPHC:	rolling	shutter	larger	matrices,	DESY:	pixel	test	structure	(using	charge	amplifier	with	Krummenacher	
feedback,	RAL:	LVDS/CML	receiver/driver,	NIKHEF:	bandgap,	T-sensor,	VCO,	CPPM:	ring-oscillators,	Yonsei:	
amplifier	structures	

§  Transistor	test	structures,	analog	pixel	(4x4	matrix)	test	matrices	in	several	versions	(in	collaboration	with	IPHC	
with	special	amplifier),	digital	pixel	test	matrix	(DPTS)	(32x32),	pad	structure	for	assembly	testing.	

§  After	final	GDS	placement,	GDS1	is	instantiated	twice,	~300	placements	per	wafer.	
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Services: Investigation of powering options

• EIC detectors will have a large acceptance for tracking, PID and calorimetry 
where material budget is a concern

• The largest contributor to mass in the services of the tracking detector are 
the power and return cables 

• We have completed an initial exploration quantifying the service loads that 
could be expected  for an ITS-3 like sensor using DC-DC converter or serial 
powering schemes in reasonable architectures

• https://www.eicug.org/web/sites/default/files/Powering-options-for-an-EIC-
silicon-tracker.pdf

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

Example of services for outer layers half-barrel of 
ALICE ITS using conventional LDO regulated 
architecture

Other powering architectures (DC-DC converters, 
serial powering) have potential to significantly 
reduce the dead material in the detector volume

https://www.eicug.org/web/sites/default/files/Powering-options-for-an-EIC-silicon-tracker.pdf
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Services: Investigation of powering options

• Using the existing ITS2 upgrade detector as a reference we explored
• Scaling material budget for ITS-3 like sensors

• Multiple powering connection topologies
• Calculating wire and FPC (Al conductor) thicknesses depending on 

architecture and topology

• Including estimates of all the material involved in each scenario

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

FEAST MP radiation and 
magnetic field tolerant DC-DC 
converter (CERN)

Material budget (as a percentage of reference: ALICE 
ITS-2)

Development 
time

(prototyping and 
characterization)Analog/digital/grou

nd cable mass
(outside detector 

volume)

PCB surface 
(detector 

sides)

FPC power bus 
material budget
(inside detector 

volume)

ALICE 
ITS-2 

architect
ure (ITS-
3 sensor 
modules)

*

~50% ~100% ~66% ~1.5 years

DC-DC 
converter

s

3.125% - 6.25% 87% - 208% ~40% ~1.5 years

Serial 
powering

8% - 32% 5% - 20% 30 - 40% ~5 years
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EIC SVT strawman design – Vertex layers

• Use ITS3 detector sensor and detector layout, adapted to larger radii and 
length of the EIC vertex layers

• Three bent sensors needed to cover the larger radii
• Along the length, two sensors may be needed to cover the length  

depending on detector configuration/further optimisations

• In total, three to six sensors per layer (instead of two in ITS3)

• Deploy wafer-scale sensor as in ITS3 (with different length if needed)

• Material budget X/X0 ~0.05% per layer as in ITS3

• Services may come out on both sides of EIC vertex layers

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

M. Mager | ITS3 kickoff | 04.12.2019 |

Layout

11

➡Extremely low material budget:

➡Material homogeneously distributed:

➡New beam pipe:
➡“old” radius/thickness: 18.2/0.8 mm  
➡new  radius/thickness: 16.0/0.5 mm 

➡essentially zero systematic error from material 
distribution

➡Beam pipe thickness:    500 μm (0.14% X0) 
➡Sensor thickness:       20-40 μm (0.02-0.04% X0) 

Cross-sectional view – not to scale

EIC ITS3

31
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Side view – not to scale, only one layer
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EIC SVT strawman design – Tracking layers and disks

• Staves and discs will be based on a forked EIC specific sensor design based 
on the ITS3 sensor

• Same functionality and interfaces as ITS3 sensor, stitched but not 
wafer-scale

• Stitched sensor layout/size will need to be optimized to provide the 
coverage needed for each stave and disk

• Optimization will consider yield estimates from first engineering run

• Staves derived from ITS2 structures; discs composed of overlapping staves 
or low mass CFC support discs

• Material budget estimate

• Tracking layer X/X0 ~0.55%
• Disks X/X0 ~0.24 %

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

Flex PCB for power/signal

Stitched
sensors

Stave support structure

Power/signal exit

DC-DC converter?
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Outline

• Introduction to eRD25

• Detector concepts based on 65 nm MAPS

• Status of technical developments

• EIC Silicon Consortium 

• Next steps and outlook on future of the project

• Conclusion

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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EIC Silicon Consortium

• eRD25 has grown into the the EIC Silicon Consortium

• EIC SC current members
• LBNL, BNL instrumentation division, UK collaboration (currently University of 

Birmingham, RAL, Brunel University - London), JLAB, ORNL, CCNU – Wuhan, INFN 
groups (currently Bari, Trieste), Institute of Modern Physics (IMP, China)

• Other groups expressing interest in participating but EIC SC membership has 
not been formalized yet

• Mission statement from the response to the Call for Expressions of Interest 
for Potential Cooperation on the EIC Experimental Program - November 2, 
2020: https://indico.bnl.gov/event/8552/contributions/43219/

• “The goal of this consortium is to develop a MAPS sensor and associated 
powering, support structures, control and ancillary parts as necessary to 
produce a detector solution for silicon tracking for the central tracking parts of 
an EIC detector. … The members of this consortium believe that the most 
successful path to achieve this goal is to join the ongoing effort at CERN to 
develop a new MAPS sensor based on the Tower-Jazz 65 nm process for use in 
the upcoming ALICE ITS3 upgrade.”

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

https://indico.bnl.gov/event/8552/contributions/43219/
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EIC Silicon Consortium

• The EIC SC is open to institutes from different emerging collaborations 
interested to work on the proposed sensor solution for their specific EIC 
detector implementation

• Similar concept to the CERN RD groups (such as RD50, RD53)

• This will maximise the successful delivery of the technology with the lowest cost 
to the project

• The EIC SC status
• Currently defining work packages with associated tasks assigned to groups 

based on interest and capabilities

• Work packages and activities largely aligned with ITS3 structure

• Continued discussions with ITS3 management for EIC SC institutes to join the 
relevant ITS3 WP

• Regular meetings to start in a few weeks

• To promote our concept and stimulate interest in EIC SVT development, we 
co-organized (with JLab) the “SVT EIC - a Silicon Pixel-Based Particle Vertex 
and Tracking Detector Towards the US EIC” workshop -
https://www.jlab.org/conference/SVT-EIC

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

https://www.jlab.org/conference/SVT-EIC
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Outline
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• Detector concepts based on 65 nm MAPS

• Status of technical developments

• EIC Silicon Consortium 

• Next steps and outlook on future of the project

• Conclusion

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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Short term plan (i.e. FY21)

• MLR1 testing
• MLR1 expected from foundry in May
• Planned functional testing of our IP block, as well as performance 

testing of analogue and digital structures
• Birmingham MC40 cyclotron and LBNL 88” cyclotron available for NIEL, 

TID and SEE studies

• Discussions started to join ITS3-WP3 on sensor testing

• MLR2 submission
• ITS3-WP2 started planning the MLR2, including a first stitched pixel 

matrix, submission in Q3-21
• RAL providing guidance on stitching given their previous experiences

• BNL and Brunel to join as soon NDA is circulated by CERN

• Discussions with ITS3 designers team is being organised to define our 
participation to the MLR2 – our goal is to get as much expertise as 
possible with the stitched sensor design that will be the base for 
further sensor development

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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Short term plan (i.e. FY21)

• Power options prototyping
• Refine estimates of required mass
• Begin prototyping some of the more promising architectures to 

measure the operational characteristics 
• This will proceed apace the sensor development

• Start investigating low mass cooling schemes

• Simulation efforts will continue in the context of the ongoing 
detector collaboration forming exercises and the corresponding 
specific detector designs 
• Integration of EIC SVT into the overall detector concepts, including 

services and supports

• Fully transition eRD25 to the EIC SC
• Complete WP structure and task assignment
• Facilitate EIC SC work within ITS3

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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14

Proposed Schedule – New!

DRA
FT

See J. Yeck, 
https://indico.bnl.gov/event/10825/contributions/46080/
Kick-off meeting for an EIC detector at IP6, March 2021

Timeline

• The timeline for the development is tied to the sensor development 

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

Year Main tasks

2021 Submission of the second MLR.

2022 Submission of the first 
engineering run (ITS).

2023 Submission of the first 
engineering run (EIC variant), 
second engineering run (ITS3).

2024 Submission of the second 
engineering run (EIC variant).

2025 Integration of prototype 
sensors into disc and stave.
Possible contingency 
submission of EIC variant.

ITS3

https://indico.bnl.gov/event/10825/contributions/46080/
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Timeline - detailed

• The timeline for the development is tied to the sensor development 

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

Year Detailed tasks
2021 • Testing and characterization of MLR1

• Sensor design for MLR2
• MLR2 submission
• R&D into powering, stave/disc construction, cooling, overall infrastructure

2022 • Testing and characterization of MLR2
• Sensor design for ITS3 ER1
• ITS3 ER1 submission
• R&D + prototyping into powering, stave/disc construction, cooling, overall infrastructure

2023 • Testing and characterization of ITS3 ER1 and assessment of yield
• Assessment and planning for EIC sensor fork of ITS3 design
• Fork off sensor design and work on EIC variant for staves and discs (may move to next year depending on 

results)
• ER submission for EIC variant sensor (EIC ER1) for staves and discs 
• Detailed prototyping into powering, stave/disc construction, cooling, overall infrastructure
• Investigation of adaptation of ITS3 design for use in EIC vertex layers (different radii, # layers, services from both 

ends to meet length requirements, etc.) with ITS ER1

2024 • Testing and characterization of EIC ER1 and assessment of yield
• Si design for EIC ER2
• EIC ER2 submission for EIC variant sensor for staves and discs 
• Detailed prototyping into powering, stave/disc construction, cooling, overall infrastructure using EIC ER1 

prototypes
• Adaptation of ITS3 design for use in EIC inner layers with ITS2 ER2 (or integration of design into EIC ER2 if 

necessary).

2025 • Testing and characterization of EIC ER2 and assessment of yield
• Complete stave and disks prototypes with EIC ER2
• Vertex layers prototypes with ITS2 ER3
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Projected R&D costs to reach production (CD-3) level

• Sensor category includes silicon designers, cost of silicon submissions, 
testing systems, etc. We assume that 25% of the silicon designer time 
(largest expense) comes from EIC R&D funding. 75% is funded by other 
sources or contributed

• Infrastructure category includes stave and disc design and prototype, 
cooling, power, RDO, mechanics and integration and services reduction

• All costs using LBNL labor rates

• Full itemized spreadsheet available upon request

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

CY Sensor (M$) Infrastructure (M$) Total (M$)

2022 0.74 0.38 1.12

2023 0.85 0.77 1.62

2024 1.2 0.75 1.95

2025 0.64 0.64 1.28
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Outline

• Introduction to eRD25

• Detector concepts based on 65 nm MAPS

• Status of technical developments
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L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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Conclusion

• The eRD25 project is well on track to deliver the proposed planned of work 
for FY21

• We are now transitioning into the EIC SC with detailed R&D plan and 
schedule, and projected cost estimates to develop an ITS3-derived EIC SVT 
ready for production

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

10

eRD25 aims presented in July 2020

• Joining the emerging ALICE ITS3 R&D program on 65 nm technology to gain 
the required expertise to design a (ITS3-derived) MAPS sensor for the EIC

• Technology evaluation program planned over two MLR submissions

• Develop and investigate the performance of well-integrated and large-
acceptance tracking concepts with vertex barrel layers and 
forward/backward disks

• Both hybrid and all-Si concepts to be evaluated with physics 
performance simulations

• Identifying areas requiring targeted services R&D
• Plan required engineering solutions to match material budget 

requirements

• Start forming a consortium (beyond eRD25) able to deliver the proposed 
detector to the EIC

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

✔

✔

✔

✔
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Backup

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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eRD25 origins

• eRD25 grew out of eRD16 and eRD18 over the past 6 months

• The former eRD16 initially focused mostly on forward/backward 
charged particle tracking with disks using MAPS

• The former eRD18 initially focused on central vertexing with MAPS 
barrels, and sensor development (Depleted MAPS)

• eRD16 and eRD18 increasingly worked together over the years; 
barrel and disks are closely related, mutual technical interests
• For example, Håkan Wennlöf (eRD18) was first to study the optimal 

positioning of the innermost disk w.r.t. the innermost barrel vertex 
layers

• Leo Greiner (eRD16) initiated the group’s effort with ITS3 sensor R&D

• Both groups studied integrated tracking and vertexing concepts, 
hybrid as well as the first all-silicon concepts for EIC

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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eRD25 origins

• In the January 2020 EIC generic detector R&D meeting, eRD16 and 
eRD18 proposed to form a consortium to work toward an ITS3 
based EIC silicon vertex and tracking detector

• The committee encouraged the plan to merge into a unified silicon 
tracking R&D effort, open to new collaborators and take advantage 
of emerging technological opportunities

• We have done so by forming the “eRD25: Silicon Tracking and 
Vertexing Consortium” (this proposal), and starting the “EIC Silicon 
Consortium” (discussed later in this presentation)

• The eRD25 proposal builds on the prior work of eRD16 and eRD18, 
and presents a design path to an EIC silicon vertex and tracking 
detector, starting with the development of the sensor technology

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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YR concepts based on MAPS SVT detector

• YR baseline concepts
• All-silicon and hybrid (MAPS + TPC)

• Alternative tracking options exist in the backward and forward tracking 
regions, also MPGD based barrel

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

456 11.2. TRACKING
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Figure 11.17: All-silicon tracker geometry. Left: Geant-4 model showing half of the detector.
The barrel, disks, and support structure correspond to the green, dark-gray, and yellow
components, respectively. The beryllium section of the beam pipe is shown in cyan. The
rest of the beam pipe, which takes into account the expected electron-hadron-beam crossing
angle is shown in light-gray. Right: Detector material scan. The dashed line describes the
baseline material budget from the beam pipe. The red, blue, and green curves correspond to
the barrel, forward, and backward components of the detector, respectively. The uncertainty
band defines the minimum and maximum amounts of material found in a given h as the
material is scanned around f. The yellow curve describes an aluminum structure that is
used as a mass equivalent for support structure and services. See text for details.

Table 11.6: Main barrel-layer charac-
teristics.

Barrel radius length along z
layer [cm] [cm]

1 3.30 30
2 5.70 30
3 21.00 54
4 22.68 60
5 39.30 105
6 43.23 114

Table 11.7: Main disk characteristics.

Disk z position outer inner
number [cm] radius [cm] radius [cm]

-5 -121 43.23 4.41
-4 -97 43.23 3.70
-3 -73 43.23 3.18
-2 -49 36.26 3.18
-1 -25 18.50 3.18
1 25 18.50 3.18
2 49 36.26 3.18
3 73 43.23 3.50
4 97 43.23 4.70
5 121 43.23 5.91

458 11.2. TRACKING

Table 11.8: All-silicon tracker momentum and pointing resolution parametrizations.

dp/p = Ap � B DCAz = A/pT � B DCAT = A/pT � B
A[%/GeV] B[%] A[µm GeV] B[µm] A[µm GeV] B[µm]

0.0 < |h| < 0.5
B = 3.0T 0.018 0.382 27 3.2 25 4.9
B = 1.4T 0.041 0.773 27 3.3 26 3.9

0.5 < |h| < 1.0
B = 3.0T 0.016 0.431 37 3.8 28 4.5
B = 1.4T 0.034 0.906 35 3.8 31 4.0

1.0 < |h| < 1.5
B = 3.0T 0.016 0.424 56 5.9 33 5.5
B = 1.4T 0.034 0.922 56 5.4 35 5.1

1.5 < |h| < 2.0
B = 3.0T 0.012 0.462 111 7.0 40 5.1
B = 1.4T 0.026 1.000 112 7.1 41 4.9

2.0 < |h| < 2.5
B = 3.0T 0.018 0.721 213 13.8 47 7.1
B = 1.4T 0.041 1.551 212 16.0 48 7.7

2.5 < |h| < 3.0
B = 3.0T 0.039 1.331 347 40.5 52 11.9
B = 1.4T 0.085 2.853 373 37.9 59 11.2

3.0 < |h| < 3.5
B = 3.0T 0.103 2.441 719 87.6 59 26.0
B = 1.4T 0.215 5.254 732 87.7 66 25.3

3.5 < |h| < 4.0
B = 3.0T 0.281 4.716 1182 206 69 65.9
B = 1.4T 0.642 9.657 1057 221 69 72.1

Auxiliary (backward)
tracking station
at z = -180 cm

Auxiliary (forward)
tracking station
at z = 300 cm

RICH

All-Si tracker

Figure 11.19: Event display showing the all-silicon tracker complemented with additional
tracking stations in the available space [1473]. In the backward region, the tracking sta-
tion is installed at z = �180 cm with no significant amount of material expected between
the all-silicon tracker and the complementary tracking station. In the forward region, the
auxiliary tracking station is installed at z = 300 cm, behind the Ring Imaging Cherenkov
(RICH) detector. The RICH material parameters were provided by the PID detector work-
ing group [1474].
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Figure 11.22: Momentum resolution as a function of pseudorapidity demonstrating the ef-
fect of complementing the all-silicon tracker in the hadron-going (forward) direction. Each
panel corresponds to a different momentum bin, from 10 to 30 GeV/c. The black circles
correspond to the standalone all-silicon tracker (for a 10 µm ⇥ 10 µm pixel size). The red
squares and blue triangles correspond to the all-silicon tracker complemented with a 50-µm-
resolution GEM detector and a 10-µm-pixel silicon disk, respectively.
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Figure 11.23: Same as Fig. 11.22, but for a 20 µm ⇥ 20 µm all-silicon-tracker pixel size.

Figure 11.24: FST setup in Fun4All
simulation.

Plane
z rin rout pixel silicon

(cm) (cm) (cm) Pitch (µm) thickness (µm)
0 35 4 25 20 50
1 62.3 4.5 42 20 50
2 90 5.2 43 20 50
3 115 6 44 36.4 100
4 125 6.5 45 36.4 100
5 300 15 45 36.4 100

Table 11.9: FST geometry parameters

Detector Integration Integrated detector setups are also implemented in the sim-
ulation. The first setup, which is shown in Fig. 11.24, includes an additional gas
RICH with aerogel and C2F6 gas as radiator. The second setup replaces the last
plane (plane 5) of FST with a mockup GEM tracker. The GEM tracker, which con-
sists of three planes filled with methane, covers 1.5 < h < 3.5. The material bud-
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Figure 11.28: New hybrid baseline layout. The silicon layers and disks are shown in green,
and the TPC in light blue.

Layer Length Radial position
Layer 1 420 mm 36.4 mm
Layer 2 420 mm 44.5 mm
Layer 3 420 mm 52.6 mm
Layer 4 840 mm 133.8 mm
Layer 5 840 mm 180.0 mm
TPC start 2110 mm 200.0 mm
TPC end 2110 mm 780.0 mm

(a) Barrel region

Disk z position Inner radius Outer radius
Disk 1 220 mm 36.4 mm 71.3 mm
Disk 2 430 mm 36.4 mm 139.4 mm
Disk 3 586 mm 36.4 mm 190.0 mm
Disk 4 742 mm 49.9 mm 190.0 mm
Disk 5 898 mm 66.7 mm 190.0 mm
Disk 6 1054 mm 83.5 mm 190.0 mm
Disk 7 1210 mm 99.3 mm 190.0 mm

(b) Disk region

Table 11.12: Positions and lengths of detector parts in the barrel region and the disk re-
gion. In the disk region, the seven disks in the forward region are shown, but this layout is
symmetric so it is the same with reversed sign on the z position in the backward region.

The formulae for resolution parametrisation are given in Equation 11.3, where A
and B indicate constants.

sp

p
= A · p � B =

q
(A · p)2 + B2,

sxy

pT
=

A
pT

� B =

s✓
A
pT

◆2
+ B2 (11.3)

This parametrisation works well for the pointing resolution, but it has limitations
for the relative transverse momentum resolution when using a gas TPC. In this
case, as can be seen from Figure 11.29, the parametrisation works well for pT be-
tween 0 and 4 GeV/c , but the resolution value goes into a less steep linear in-
crease after this point. The figure shows the relative transverse momentum res-
olution versus transverse momentum for both a 1.5 T field and a 3.0 T field, and
the dashed line shown is the parametrisation provided by the Physics Working
Group. Fits to these data will be split up in momentum intervals to characterise
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Table 11.15: Transverse pointing resolution fit parameters, using the fit presented in Equa-
tion 11.3.

Interval Fit 1.5 T [µm] Fit 3.0 T [µm]
�3.5  h  �2.5 A = 49.3 ± 0.2, B = 9.64 ± 0.02 A = 48.5 ± 0.2, B = 9.58 ± 0.02
�2.5  h  �1.0 A = 23.3 ± 0.1, B = 3.32 ± 0.01 A = 23.1 ± 0.1, B = 3.31 ± 0.01
�1.0  h  1.0 A = 14.1 ± 0.1, B = 2.11 ± 0.01 A = 13.7 ± 0.1, B = 2.14 ± 0.01
1.0  h  2.5 A = 23.3 ± 0.1, B = 3.32 ± 0.01 A = 23.1 ± 0.1, B = 3.31 ± 0.01
2.5  h  3.5 A = 49.3 ± 0.2, B = 9.64 ± 0.02 A = 48.5 ± 0.2, B = 9.58 ± 0.02

Table 11.16: Longitudinal pointing resolution fit parameters, using the fit presented in Equa-
tion 11.3.

Interval Fit 1.5 T [µm] Fit 3.0 T [µm]
�3.5  h  �2.5 A = 596.9 ± 1.5, B = 41.05 ± 0.12 A = 596.5 ± 1.5, B = 40.79 ± 0.12
�2.5  h  �1.0 A = 78.3 ± 0.2, B = 3.11 ± 0.02 A = 78.1 ± 0.2, B = 3.12 ± 0.02
�1.0  h  1.0 A = 23.2 ± 0.1, B = 2.64 ± 0.01 A = 22.9 ± 0.1, B = 2.64 ± 0.01
1.0  h  2.5 A = 78.3 ± 0.2, B = 3.11 ± 0.02 A = 78.1 ± 0.2, B = 3.12 ± 0.02
2.5  h  3.5 A = 596.9 ± 1.5, B = 41.05 ± 0.12 A = 596.5 ± 1.5, B = 40.79 ± 0.12
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Figure 11.30: (left) A possible configuration of the cylindrical MPGD tracker with two pairs
of layers at mid way between the SVT and the four outer detector layers. The material bud-
get of the hybrid detector with MPGD layers (center) is comparable with the TPC solution
(right). In the stack plots, the contribution of the beam pipe in blue, in gray the one of the
silicon vertex detector and in green the MPGD tracker (or TPC) contribution.

two layers are placed at a radial distance from the beam pipe of about 50 cm and
four layers are placed at about 80 cm. Several configurations have been investi-
gated: one configuration with six layers equally spaced at regular radial intervals,
one with three pairs of layers (inner, middle and outer pairs) and a configuration
with two layers in the middle and four layers in the outer part of the barrel. Ta-
ble 11.18 shows the radial position of the layers for the last two configurations.

Studies of the relative momentum resolution have been performed by simulat-
ing five thousand p� per momentum bin in the range |h| < 0.5 with a solenoid

The MAPS technology to satisfy the requirements of the central detector can 
be the same for different EIC detector configurations

For more details see YR 11.2 at arXiv:2103.05419
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ITS3-derived EIC SVT – Material budget estimates

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

Update on L. Greiner, https://indico.bnl.gov/event/8231/contributions/37955/
2nd EIC Yellow Report Workshop at Pavia University (2020) 

https://indico.bnl.gov/event/8231/contributions/37955/
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EIC YR – Hybrid Tracking and Vertexing Concept

• Minimum pT threshold
• Low transverse momentum range, 0-0.5 GeV/c
• Two different magnetic fields: 1.5 T and 3.0 T

• Study made for pions and kaons separately
• Investigating which fraction of events is reconstructable, using a basic 

Kalman filter algorithm

• Note: algorithms will improve, but this gives a measurement of the 
least we can do

• Cutoff taken as the point where 90% of events can be reconstructed
• This concept fully symmetric around interaction point

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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EIC YR – Hybrid Tracking and Vertexing Concept

• Minimum pT threshold
• The study spans the full pseudorapidity range of -4 to 4
• Two examples are shown, for kaons

• Reduction in efficiency in the middle comes from events spiralling in 
the TPC – can be improved with better reconstruction algorithms

• The summary table shows an average value for pions and kaons
• Outside of η = 3.25, reconstruction efficiency < 90%

• Note: the cutoff in the table is taken as 90%. At lower momenta 
reconstruction is possible but less efficient

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021



48

EIC YR – Hybrid Tracking and Vertexing Concept

• Angular resolutions at vertex

Green Blue Red (ITS3-
derived EIC 
SVT)

Beam pipe radius [mm] 18 31 31

x/X0 vertex 0.3% 0.3% 0.05%

x/X0 tracking layers 0.8% 0.8% 0.8%

Pixel pitch [um] 20 20 10

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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EIC YR – All-Silicon Tracking and Vertexing Concept

• GEANT-based simulations were used to extend the “fast” simulation 
framework (used for most physics studies in the YR), with decay topological 
variables

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021
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See also arXiv:2102.08337
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EIC YR – All-Silicon Tracking and Vertexing Concept

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

Angular resolutions, for a 20 µm pixel pitch, at the vertex and PID detectors
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EIC YR – All-Silicon Tracking and Vertexing Concept

L. Gonella | eRD25 FY21 report | EIC Detector R&D meeting, 24 March 2021

Effect of 25 mrad crossing angle of the hadron beam on dp/p for 20 µm pixel pitch 


